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FOREWORD 

 
This document presents the final geometry, performance specification, and procurement specification 
requirements for the HLCAC Lift Fan.  The specification follows the general format of U.S. Military 
Standard specifications as outlined in MIL-STD-490.  CDI Marine Systems Development Division (CDIM-
SDD) technical direction for this task was provided by Mr. Alan Becnel and Mr. John Purnell.  
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1.0 SCOPE 
 
1.1 Scope 
 
This specification covers the physical and performance characteristics of the lift fans for the Heavy Lift 
LCAC (HLCAC) ACV.  It includes the required aerodynamic performance and the physical requirements 
for the impeller, the inlet bellmouth and the volute (scroll).  The shafts, bearings, bearing supports, volute 
casings, discharge duct and closures will be designed in accordance with the associated Interface 
Control Document. 
 
1.2 Purpose 
 
The purpose of this specification is to establish the requirements for the detailed mechanical design and 
fabrication of lift fans that will be used as technology demonstrators for the HLCAC ACV. 
 
1.3 Classification 
 
This material is unclassified. 
 
1.4 Definitions 
 
1.4.1 Lift-Fan Impeller 
 
The lift-fan impeller is the moving part of the air-moving device whose purpose is to provide the cushion 
of air upon which the craft rides and to provide air for the bow thrusters. 
 
1.4.2 Shipset 
 
A shipset consists of four identical double-width, double-inlet (DWDI) lift-fan impellers. 
 
1.4.3 Impeller 
 
The impeller is the rotating element of the fan, not including the shaft upon which it is mounted. 
 
1.4.4 Bearings 
 
The bearings support the impeller shaft at each end (2 per fan).  The bearings are not part of this 
specification. 
 
1.4.5 Bearing Supports 
 
The bearing supports are integrated with the fan volute casings and provide a place to mount each of the 
impeller shaft bearings (2 per fan).  The bearing supports are not part of this specification. 
 
1.4.6 Inlet Bellmouth 
 
The inlet bellmouth provides an aerodynamically smooth duct connecting the outside of the fan casing to 
the eye of the impeller (2 per fan).  The inlet bellmouths were designed by CDI Marine SDD to suit the 
impellers aerodynamically. 
 
1.4.7 Volute (Scroll) 
 
The volute collects and diffuses the air leaving the impeller and delivers it to the fan diffuser duct exits for 
lift and for bow thruster propulsion.  The volute also supports the impeller bearings and their supports.  
The aerodynamic design of the volutes was designed by CDI Marine SDD and is shown in CDI Marine 
SDD Dwg. #755-01. 
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1.4.8 Volute Discharge Duct 
 
The volute discharge ducts are integral parts of the volute that further diffuse the air leaving the volute 
proper and end at the fan discharge diffuser exit.  These ducts were designed by CDI Marine SDD. 
 
2.0 APPLICABLE DOCUMENTS 
 
Documents are applicable to the extent they are referred to in sections 3.0, 4.0 and 5.0 of this 
specification.  Unless stated otherwise, the current revision in effect on the date of issuance of this 
specification of the following documents will apply. 
 
2.1 Government Documents 
 
HLCAC Lift Fan Interface Control Document dated XX/XX/2003. 
 
2.2 Other Documents 
 
INS 0041 – Subcontractors requirements (NFT document). 
 
ISO 1940/73/05/01 – Mechanical vibration.  Balance quality requirements of rigid rotors. 
 
A Handbook of Balancing, AiResearch Mfg. Co., 1960. 
 
An Introduction to Fatigue in Metals and Composites, R.L. Carlson and G.A. Kardomateas, Chapman & 
Hall, 1996. 
 
Drawings: 
 
Dwg. #755-01 Lift Fan Impeller and Bellmouth 
Dwg. #755-02 Lift Fan Volute 
 
3.0 REQUIREMENTS 
 
3.1 Critical Item Definition 
 
The impeller is a fixed-geometry centrifugal rotor with two staggered rows of thirteen (13) backwardly-
inclined airfoils, each mounted between a central backplate, and two conical end rings known as shrouds.  
Each backplate is, in turn, bolted to a central disc that is welded to the fan shaft.  The fan shaft is coupled 
to the drive shaft via a coupling flange. 
 
The function of the fan is to provide pressurized air to the air cushion of the HLCAC ACV and to the bow 
thrusters.  The fan impeller structure shall be designed to sustain the loads and the environmental 
conditions encountered during operation on an Air Cushion Vehicle, otherwise known as a Hovercraft. 
 
3.1.1 Special Requirements 
 
The impeller shall be fabricated from lightweight, high-strength, corrosion-resistant materials to the 
greatest extent that is practicable.  Any metallic parts shall be of corrosion-resistant material such as 
stainless steel or titanium.  The shaft shall be made of 304 stainless steel for the shaft and center fitting 
while 15-5PH stainless steel shall be used for the end fitting. 
 
3.1.1.1 Replaceable Impeller Blades 
 
Each of the twenty-six (26) blades, thirteen (13) per side, in the impeller shall be removable and 
replaceable without the necessity of removing the fan from the craft or the impeller from the volute casing. 
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3.1.1.2 Access to the Impeller in the Craft 
 
Access to each impeller for blade maintenance or replacement shall be provided via a removable access 
plate in the volute.  
 
3.1.1.3 Use of Carbon-Fiber Reinforced Polymers (FRP/C) 
 
The use of FRP with carbon fibers shall be considered for construction of the impeller blades, shrouds 
and backplates.  Structural integrity of components using carbon fibers shall be demonstrated analytically 
and by physical test, with prudent safety margins for the loads imposed (see paragraph 3.2.1.7 Loads 
and 3.2.1.8 Strength). 
 
3.1.1.4 Use of Closed-Cell Foam Fillers 
 
If foam is used to fill the voids between FRP/C skins, it shall have physical properties allowing it to 
withstand the tensile and compressive loads inherent in the application due to the cyclical application of 
centrifugal, gyroscopic and all other acceleration-inertial or static loads the impeller will experience during 
its lifetime, as defined in 3.2.1.16. 
 
3.1.1.5 Threaded Inserts for Blade Attachment (prohibited) 
 
The means of attachment of the impeller blades to the backplate and to the shroud shall not be achieved 
by the use of threaded inserts in the foam or FRP material of the blades. 
 
3.1.1.6 Use of Through-Bolts 
 
The use of through-bolts to attach and restrain the impeller blades under centrifugal and other inertial 
loads is encouraged.  Through-bolts may be non-metallic, non-metallic with metallic end-fittings, or 
metallic.  All metallic material shall be of stainless steel or titanium grade 5. 
 
3.1.1.7 Core Protection 
 
Because blades must be replaceable, the foam core of blades (if used) shall be protected from damage 
when installing bolts with metal end-fittings.  For this purpose, sleeves of high-strength polymer material 
shall be considered.  Such sleeves may also help to spread the bolt lateral loads into the foam core. 
 
3.1.1.8 Backplate Material Electrical Insulation 
 
The backplate may be of FRP/C or of stainless steel or titanium grade 5.  If metal is used, then bolts or 
end-fastenings shall be electrically insulated from the backplate. 
 
3.1.1.9 Use of Compliant Materials 
 
Compliant materials such as polyurethane in the form of gaskets between the blades and the backplate, 
and between the blades and the shrouds, shall be considered in order to reduce stress concentrations in 
the blade skin and foam when the blades are deformed under bending and torsional loads. 
 
If used, such materials shall have a life expectancy under the specified environmental conditions of 5 
years, as a minimum, without significant deterioration or failure that would be cause for replacement. 
 
3.1.2 Interface Definition 
 
3.1.2.1 Physical Interface 
 
The impeller interfaces with the fan housing (with clearance) and with the drive shaft flange.   
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3.1.2.2 Functional Interface 
 
The impeller is connected to the transmission system via an offset gearbox and flexible couplings which 
are supplied by the shipyard. 
 
3.1.2.3 Electrical Interface 
 
Not applicable unless special monitoring equipment is added, which must be compatible with existing 
craft systems. 
 
3.1.2.4 Test Equipment Interface 
 
The test equipment interface shall be the shaft flange bolt circles. 
 
3.2 Characteristics 
 
3.2.1 Performance 
 
3.2.1.1 Aerodynamic Design Point Performance Requirements 
 
Each of the four double-discharge lift fans have been designed to produce static pressure of 7.9 kPa (165 
psf) gauge at an air flow of 148.7 cms (66.1 cms for bow thruster, 82.6 cms for lift) at a design point fan 
speed of 1692 RPM and design point ambient conditions of standard atmospheric pressure (760 mmHg) 
and air temperature of 37.7oC (100oF).  These nominal values are provided for information only. 
 
3.2.1.2 Design Point Fan Slope 
 
Each fan has been designed to have a negative fan slope of approximately –0.014 kPa/28.3 cms (–.3 
psf/1000 cfs) at the design point pressure and flow. 
 
3.2.1.4 Design Point Fan Shaft Power 
 
The fan shaft power for each fan shall not exceed 1715 kW (2300 HP) at the design point conditions.  
Two fans per side will be installed on the HLCAC, and power to the forward fan will be via the aft fan 
shafting.  The lift fan shaft shall be sized to allow for this additional power transmission requirement. 
 
3.2.1.5 Self Limiting Torque and Power 
 
If the back pressure falls and approaches zero, the fan torque (and power) at constant speed shall reach 
a maximum before the flow exceeds 140% of the design point flow. 
 
3.2.1.6 Peak Torque 
 
The peak torque shall not exceed 115% of the design point torque. 
 
3.2.1.7 Loads 
 
Loads defined below are generally limit loads. 
 
3.2.1.7.1  Inertial Loads 
 
Inertia loads on impeller components due to impeller rotation and ship motion are very important. 
 
Maximum rotational speed of the impeller (limit load) is 1692 RPM. 
 



 5

The case of ± 50% shaft torsional oscillation, acting simultaneously with a rotational speed of 1692 RPM, 
shall also be considered. 
 
For shock loads and vibratory loading, see paragraph 3.2.10 Environmental Conditions.  For acceleration 
(translational and rotational) of fan shaft supports from ship motion, see paragraphs 3.2.3 Accelerations, 
3.2.4 Motions, and 3.2.10 Environmental Conditions. 
 
Fatigue of all materials used shall be considered.  Infinite fatigue life is a goal. 
 
Moisture absorption effects for increased loading due to increased mass shall be considered. 
 
3.2.1.7.2  Aerodynamic Loads 
 
The aerodynamic load on the fan is small compared to the inertia load from fan rotation and shall be 
disregarded for design purposes.  (The aerodynamic load acting subtracts a few percent from the inertia 
load on each fan blade). 
 
3.2.1.7.3  Fan Axial Loads 
 
Fan axial loads may arise from inertia loads acting on the fan. 
 
Axial loads on the double-width, double-inlet (DWDI) impeller shall be disregarded for design purposes. 
 
3.2.1.7.4  Fan Shaft Torsional Loads 
 
The maximum torsional shaft moment must be calculated after the fan impeller is designed and confirmed 
as acceptable with the USN. 
 
3.2.1.7.5  Gyroscopic Loads 
 
Gyroscopic loads due to the combination of fan rotation and ship motion shall be taken into consideration.  
Maximum angular rates for fan shaft supports due to ship motion are (for fan shaft mounted horizontally 
in fore-aft direction): 
 
 Craft pitching:  0.5 radians/s 
 Craft yawing:  0.5 radians/s 
 Craft rolling:  Not applicable 
 
See also paragraph 3.2.10 Environmental Conditions, Ship Motion. 
 
3.2.1.7.6  Worst Case Load 
 
The worst case load on the impeller is expected to be a combination of pitching and yawing acceleration 
and maximum rotational speed. 
 



 6

3.2.1.7.7  Thermal Loads 
 
The thermal loads are given in paragraph 3.2.10 Environmental Conditions. 
 
The possibility of internal heating of FRP materials due to sustained limit load conditions shall be 
considered. 
 
3.2.1.8 Strength 
 
The impeller shall have sufficient strength to support the loads (limit loads) specified in paragraph 3.2.1.7 
Loads, also taking into consideration any degrading influence of environmental conditions as specified in 
paragraph 3.2.10, and the Foreign Object Damage (FOD) criteria specified in paragraph 3.2.1.11.  
Allowable stresses, per the safety factors below, shall not be exceeded for any operating condition. 
 
Safety factors that apply are as follows: 
 
Safety Factors (based on stresses for limit loads) 
 
Yield safety factor (metals only):  3.0 
Ultimate safety factor (all materials): 3.5, as a goal (for composites, 1st ply failure) 
 
Note:  For normal design point operation, these safety factors shall be no less than 4.0. 
 
The design fatigue life of the structure must equal or exceed (unlimited) total craft life-cycle operating 
hours as defined in 3.2.1.16. 
 
3.2.1.9 Stiffness 
 
The critical rotational speed of the fan shall be above 2200 RPM. 
 
The impeller shall not physically touch the volute housing or inlet bellmouth for worst case deflections. 
 
Note:  Strength of the impeller is far more important than stiffness.  Some built-in compliance may reduce 
peak stresses in the FRP blade and shroud materials. 
 
3.2.1.10  Creep 
 
Creep effects for materials under load shall be taken into consideration. 
 
3.2.1.11  Foreign Object Damage (FOD) 
 
The fan shall be designed so that the required strength of the fan is obtained after the fan has been 
subjected to an impact/erosion damage of maximum non-detected (visual) magnitude that can be 
expected during assembly/installation/service.  The magnitude of the impact, together with the level of 
visual inspection, shall be determined.  Impact damage shall be reduced by the use of blade leading-
edge protective film of polyurethane or equivalent material (paragraph 3.2.1.14). 
 
It is expected that the design of the air inlet and application of grilles in the inlets will be used to minimize 
entry of foreign objects for the installed fan to, or below, the level in paragraph 3.2.10. 
 
3.2.1.12  Icing 
 
Ice accumulation on the fan itself is not expected under the assumption that proper deicing devices are 
situated ahead of the fan, hence no provision for deicing devices directly on the impeller is necessary. 
 
For any ice particles breaking loose upstream of the fan, refer to paragraph 3.2.1.11. 
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3.2.1.13  Water Impact 
 
Water impact on the fan (i.e., more than droplets) is not expected under the expectation that this is 
prevented by air inlet design. 
 
3.2.1.14  Leading Edge Protection 
 
The blade leading edges shall be protected from erosion and minor FOD by the use of replaceable 
polyurethane film or equivalent.  The installed fan shall tolerate foreign objects to a limited extent, as 
specified in paragraph 3.2.10, without degradation in performance.  Leading edge protective film shall be 
capable of operating for a minimum 150 hours with a goal of 300 continuous hours of fan operation prior 
to replacement. 
 
3.2.1.15  Aerodynamic Surface Quality 
 
Roughness/excrescencies shall be kept to a practical minimum to minimize drag and dirt accretion.  The 
excrescencies include such things as surface waviness, rough surface finish, and projecting or 
countersunk fasteners.  A surface waviness standard shall be submitted to the USN for approval. 
 
The surfaces of the blades, inner shroud surfaces and backplates between the blades shall be glossy 
smooth.  Other surfaces shall be smooth to the touch and joints shall be even.  Surfaces shall have no 
visually detectable waviness. 
 
There shall be no air gaps at foil ends.  Any gaps shall be sealed, preferably by the use of compliant 
gaskets. 
 
For dimensional tolerances of fan and foils, see CDIM-SDD Dwg. #755-01. 
 
The foil manufacturing process planned during the design stage shall be able to produce foils of the 
proper shape repetitively so that blades are interchangeable with all other blades of the same hand, i.e., 
right-handed or left-handed. 
 
3.2.1.16  Useful Life 
 
The impeller life expectancy in years and operating hours shall be established, and recommendations for 
inspection intervals and major overhaul intervals and preventive maintenance shall be given. 
 
The ultimate design goal will be 20 years life with 300 operating hours per year. 
 
3.2.2 Physical Characteristics 
 
3.2.2.1 Mass, Inertia and Balancing 
 
The fan weight shall be kept to a minimum, consistent with aerodynamic and structural design 
requirements. 
 
Moisture absorption effects on mass and balancing shall be considered. 
 
The rotational inertia of the fan shall be minimized.  
 
The rotating mass must be statically and dynamically balanced to ISO 1940/73/05/01 grade G3 for both 
planes (see paragraph 2.2, “A Handbook of Balancing”). 
 
For a subsequent replacement of individual blades, repeated balancing of the complete mass will not 
generally be required provided blades are manufactured, weighed and marked per this specification. 
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3.2.2.2 Dimensional Envelope 
 
The dimensions of the impeller and individual fan blades are given in CDIM-SDD Dwg. #755-01. 
 
3.2.2.3 Impeller Geometry 
 
The impeller geometry shall be in accordance with the drawings attached.  The principal dimensions shall 
be as follows: 
 
 Blade trailing edge diameter 1600.2 mm 5.25 feet 
 Blade trailing edge width 325.3 mm 12.808 inches 
 Blade leading edge diameter 1068 mm 42.047 inches 
 Blade leading edge width 435.7 mm 17.152 inches 
 Blade chord 391.0 mm 15.394 inches 
 Blade maximum thickness 48.8 mm 1.923 inches 
 Blade angle (chord to tangent) 54.27 o 54.27 o 
 Impeller inlet diameter 1004.1 mm 39.528 inches 
 Backplate diameter 1616 mm 63.622 inches 
 
3.2.2.4 Shelf Life Requirement 
 
Shelf life for the fan and components shall be a minimum of 20 years when packaged in the original 
packing material and stored under proper conditions.  Any special requirements necessary to meet this 
requirement must be identified by the manufacturer. 
 
3.2.2.5 Surface Treatment 
 
The surface treatment of the impeller and its components must be adequate to withstand corrosion and 
erosion from the environments specified in paragraph 3.2.10 and provide the surface quality specified in 
paragraph 3.2.1.15. 
 
The impeller blades shall be further protected as specified in paragraph 3.2.1.8. 
 
3.2.3 Accelerations 
 
The fan, when operating at 1692 RPM, shall withstand, without failure or interruption of performance, the 
following accelerations: 
 
 4 g down 
 3 g up 
 0-6 g forward 
 0-3 g astern 
 0-3 g sideways 
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3.2.4 Motions 
 
The fan shall be capable of continuous operation without failure of any kind, or interruption of operation, 
when subjected to the following sinusoidal (harmonic) continuous motions, separately or together, having 
dominant frequencies in the range 0-10 Hz. 
 
With harmonic angular accelerations corresponding to peak angular velocities of: 
 

1) 0.5 radians/s pitch motion 
2) 0.5 radians/s roll motion 
3) 0.5 radians/s yaw motion 

 
Note: The actual motions seen by the fan impeller will be more random in nature and may result in 

higher or lower time-averaged forces than those resulting from simple harmonic motions.  The 
above peak velocities have been selected to provide some margin in calculation of the resulting 
loads and stresses. 

 
3.2.5 Gyroscopic Torque (see paragraph 3.2.1.8.5 Gyroscopic Loads) 
 
The fan impeller shall resist the gyroscopic torque resulting from the specified continuous motions without 
failure of any kind or interruption of operation.  For the purpose of calculating gyroscopic torque, the fan 
shaft shall be considered to be parallel to the ship longitudinal centerline (i.e., running fore and aft). 
 
3.2.6 Fatigue Life 
 
The impeller shall be designed for infinite fatigue life, as a goal, based on the loads and stresses resulting 
from the method of operation, aerodynamic performance, motions, accelerations, or other effects 
specified herein.  Justification shall be provided for less than infinite fatigue life. 
 
3.2.7 Weight 
 
The weight of the impeller shall be kept as low as is possible, consistent with aerodynamic and structural 
design requirements. 
 
3.2.8 Reliability 
 
The impeller unit Mean Time Between Failure (MTBF) shall be established in conjunction with the 
requirements in paragraph 3.2.1.16 Useful Life. 
 
3.2.9 Maintainability 
 
The intervals for, and scope of, periodic inspection, preventive maintenance and major overhauls shall be 
established. 
 
Replaceable parts at the operator level shall be:  impeller blades, impeller trailing edge wedges, blade 
bolts and fastenings, blade gaskets, and blade leading edge protective film. 
 
3.2.10 Environmental Conditions (subject to revision) 
 
The fan shall be designed to meet the environmental requirements as specified in Table 3-1. 
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Table 3-1 
 

Environmental Conditions 
 

SEVERITY ENVIRONM. 
CONDITIONS 

Functioning 
during test 

Functioning 
after test 

DURATION TEST 
PROCEDURE 

REMARKS 

1) Temp high 
 

+49o C +71o C 16 h MIL-STD-810D 
Method 501.2 

 

2) Temp low 
 

-20o C -30o C 16 h MIL-STD-810D 
Method 502.2 

 

3) Humidity 
 

31o C - 49o C 
88%>RH>59% 

 240 h MIL-STD-810D 
Method 507.2 
Procedure 1 

 

4) Salt fog 
 

 +35o C 
5% salt 
PH 6.5 to 7.2 

30 days MIL-STD-810D 
Method 509.2 
Procedure 1 

 

5) Fluid contam 
 

a) Hydr Oil 
     MIL-H-5606 
b) 60% Water- 
     Glycol +65o C 

 48 h storage 
at +50o C or 
6d storage at 
ambient temp 
after spraying 

DEF STAN 
07-55 
Test: CA 

May be applied 
on sample 
materials 
e.g. FRP/C 

6) Mech shock 
 
6a) Transport 
 shock 
 
6b) 0.6m drop 
 
 
6c) Basic 
 design test 
 
 
 
6d) Installed 

 
 
 
 
 
 
 
 
 
 
 
 
 
10g/10ms 
half sine 

 
 
30+/-5g, 30 ms 
 
 
0.6 meter 
 
 
15g/11 ms 
half sine 

 
 
 
 
 
Drop on each 
corner, 6 drops 
 
2 shocks in 
each direction, 
3 princpl axes, 
total 12 shocks 
 
Ditto 

MIL-STD-810D 
Method 516.3 
Procedure II 
 
 
Procedure IV 
 
 
Procedure I 
 
 
 
 
Procedure I 

Impeller in 
container 
 
 
 
Impeller in 
container 

7) Vibration 
 
7a) Reson  
 search 
 
7b) Transport 
 
 
7c) Installed 

 
 
N/A 
 
 
 
 
 
Random 

 
 
5-500 Hz, 0.5g 
 
 
Random 

 
 
 
 
 
3 axes, 120 min 
each axis 
 
TBD 

 
 
MIL-STD-810D 
Method 514.3 
 
Procedure I 
 
 
TBD 

 
 
 
 
 
Impeller in 
container 

8) Sand/dust/ 
 salt crystals 
 

 +23o C to +63o C 
Dust 10+- 
5g/m3 
Air velocity 
1750 ft/min 

28 h MIL-STD-810D 
Method 510.2 
Procedure I 

 

9) Ship motion 
 

 See paragraph 
3.2.4 

 Motions Motion of fan 
supports 

 
 
3.2.11 Transportability 
 
The fan transportation characteristics shall be compatible with transport by air, sea or land with packaging 
to give adequate protection from transportation environments. 
 
3.3 Design and Construction 
 
Design and construction of the impeller shall be executed in a manner commensurate with the impeller’s 
intended use and with accepted aerospace industry practice.  The design shall facilitate production, 
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installation, and removal of parts requiring maintenance or replacement.  Requirements for special tools 
shall be kept to a minimum. 
 
3.3.1 Materials, Processes and Parts 
 
3.3.1.1 General 
 
Materials, processes and parts selected by the contractor shall be evaluated and/or tested to ensure that 
each possesses the capability of adequately supporting reliability, performance, maintainability and safety 
requirements to obtain the required service performance. 
 
Standard materials, processes and parts shall be used to the extent possible to meet the requirements 
specified herein. 
 
Adequate records shall be maintained to support the use of and to demonstrate that materials, processes 
and parts are entirely suitable for their intended use.  These records shall include, as a minimum, 
specification or drawing of the item, test procedures, and test results. 
 
3.3.1.2 Materials 
 
Material properties considered in materials selection shall include, but not be limited to, fatigue 
considerations, susceptibility to corrosion damage, notch sensitivity, fracture toughness, biological 
degradation, water absorption, weathering and fabrication considerations, magnetic signature, and 
electrical conductivity. 
 
Material stress values shall be based on appropriate available data or on test data derived from a number 
of test samples judged to be sufficient for the material in question and following engineering practice for 
the material in question.  Statistical analysis of material data shall be applied when deemed necessary. 
 
3.3.1.3 Processes 
 
Processes used in the design and fabrication of the impeller shall be in accordance with aerospace 
contractor practices. 
 
Non-destructive testing (NDT) of composite materials parts shall be used as applicable to verify 
processes and to verify integrity of manufactured parts, particularly to avoid or detect delaminations, 
especially in the blades. 
 
3.3.1.4 Parts 
 
Commercial off-the-shelf parts shall be used wherever they are suitable for the intended use and shall be 
identified on applicable drawings by their part number. 
 
3.3.1.5 Protective Coating 
 
The impeller unit shall be coated in accordance with requirements determined during the detailed design.  
(Color shall be determined by the procuring activity.)  The use of a two-color system for monitoring of 
erosion shall be used if possible.  Pigmentation of the laminate resin may be considered as an alternative 
to coating. 
 
3.3.2 Electromagnetic Radiation 
 
Not applicable. 
 
3.3.3 Nameplates and Product Marking 
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Identification and marking applicable to the fan shall be specified using MIL-STD-130 and NS4005 for 
guidance.  See also paragraph 5.3. 
 
Product marking drawings shall be submitted to the USN for approval. 
 
Handling precautions shall be marked on the fan unit at a clearly visible position. 
 
3.3.4 Workmanship 
 
Workmanship shall be of a quality to ensure compliance with the safety, proper operation, high reliability 
and useful life requirements specified herein, consistent with the best aerospace industry practice for 
rotating machinery such as aircraft propellers. 
 
3.3.5 Interchangeability 
 
Impellers shall be mutually interchangeable and replaceable in accordance with MIL-I-8500.  Individual 
fan blades shall be replaceable.  The maximum allowable weight deviation shall be 0.25%.  See 
paragraph 3.2.2.1 for balancing requirements. 
 
3.3.6 Safety 
 
The impeller design shall provide for safe handling during service and assembly/disassembly. 
 
3.3.7 Human Performance/Human Engineering 
 
The access specified in paragraph 3.1.1.2 shall be sized to accommodate the 95th percentile person. 
 
3.4 Documentation 
 
Documentation for the fan shall be prepared in accordance with the following requirements. 
 
3.4.1 Quality Assurance (Q/A) Reports 
 
3.4.1.1 Dimensional Survey Reports 
 
For the first article and subsequent impellers, a dimensional survey report, in metric units, shall be 
completed showing nominal (design drawing) dimensions and actual measured dimensions.  Out-of-
tolerance dimensions shall be highlighted.  Out-of-tolerance items shall be resolved by means of 
correction or by waiver, depending on the sensitivity of the dimensions in question.  Waivers will only be 
granted with the consent of the USN. 
 
3.4.1.2 Material Reports 
 
For each batch of material used, a report of the physical properties, in metric units, shall be submitted to 
the USN.  Material documentation shall be traceable to point of manufacture.  Where practicable, these 
properties should be confirmed by physical test of test specimens.  Relevant dates shall be included. 
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3.4.1.3 Weight Reports 
 
For each impeller, a metric weight report shall be prepared listing the weight of each component as 
follows: 
 

1) Center disc with its own serial number. 
2) Backplates with their own serial numbers. 
3) Shrouds with their own serial numbers. 
4) Left-hand blades with the serial number of each. 
5) Right-hand blades with the serial number of each. 

 
Note:  This information is important as it enables selective replacement of damaged blades in situ without 
the need for re-balancing. 
 
In addition, the collective weight of all other components, by category, shall be given. 
 
After assembly, the completed impeller shall be weighed and its weight recorded: 
 

1) Impeller assembly with its serial number and date of assembly. 
 
3.4.1.4 Balancing Report 
 
3.4.1.4.1  Blade Mass Properties 
 
Each composite blade shall be balanced against a master balance blade.  The blade shall balance 
horizontally and vertically at any two blade angles 90 degrees apart.  The rotation of the blade caused by 
horizontal or vertical out-of-balance shall be stopped or reversed by an opposite moment of 0.36 Kgf-cm. 
 
For the first article only, the weight and location of the center of gravity of each of the 26 blades shall be 
determined and recorded by serial number.  Subsequently, three randomly selected blades for each 
impeller assembled shall be checked for center of gravity location. 
 
3.4.1.4.2  Blade Mass Properties After Water Soak 
 
For the first article only, the mass properties, including moment of inertia about the impeller centerline, of 
three randomly selected blades shall be determined and recorded before and after soaking in seawater 
(or equivalent salt water) for 24 hours.  Any change shall be brought to the USN’s attention immediately 
so that corrective action can be taken, e.g., additional sealing. 
 
3.4.1.4.3  Static Balance 
 
During assembly, the manufacturer shall use reasonable diligence to ensure that each impeller is fairly 
well balanced statically by the use of selective blade assembly (by weight). 
 
Static balance shall be determined and recorded prior to dynamic balancing. 
 
3.4.1.4.4  Dynamic and Static Balance Report 
 
Following completion of balancing in compliance with paragraph 3.2.2.1, a balancing report shall be 
submitted for each impeller.  This report shall include the blade mass properties report of paragraphs 
3.4.1.4.1 and 3.4.1.4.2 and the moment of inertia of the impeller assembly as it exists prior to delivery, 
expressed in kg m2 about the axis of rotation. 
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3.4.2 Delivery Reports (see also paragraph 5.2) 
 
When an impeller is ready for delivery, it shall be accompanied by a Delivery Report.  This package shall 
contain copies of the dimensional survey report(s), balancing reports, and the weight report pertaining to 
the impeller identified by its assembly serial number and dates of manufacture of components and date of 
assembly. 
 
3.4.3 Structural Report 
 
3.4.3.1 Structural Analysis and Design Justification 
 
A report shall be prepared and delivered prior to issuance of an order for the first article, setting forth the 
structural analysis of the proposed design in detail.  Strength and stiffness and fatigue life shall be 
addressed. 
 
Based on the structural analysis conducted and material properties, the justification for the design-for-
manufacture shall be presented with the structural analysis report. 
 
3.4.3.2 Supporting Data 
 
Any available test data or other relevant information supporting the structural analysis and justification 
shall be reported in appendices to the structural analysis and design justification report. 
 
3.4.3.3 Competitive Nature of the Structural Analysis and Justification 
 
The quality and depth of the structural analysis and supporting data shall be one of the major factors in 
evaluating competitive bids for a manufacturing order for HLCAC ACV lift fans. 
 
3.4.4 Drawings 
 
Drawings shall be prepared and maintained in accordance with MIL-T-31000 standards for mechanical 
engineering or equivalent.  For composite components, NFT document DRL 176 or similar shall apply. 
 
3.4.5 Technical Manuals 
 
Source information shall be prepared to enable the USN to prepare technical manuals covering technical 
description, handling, installation and maintenance. 
 
3.4.6 Test Plans and Procedures 
 
Test plans and procedures shall be prepared in contractor format for development tests and qualification 
tests.  An Acceptance Test Procedure shall be prepared and submitted to the USN for approval. 
 
3.4.7 Configuration Control Requirements 
 
The contractor shall maintain a configuration control system in accordance with DOD-STD-480 and MIL-
STD-483 or equivalent. 
 
3.5 Logistics 
 
3.5.1 Maintenance 
 
The impeller shall be designed to be maintainable and provide for easy regular inspections, periodic 
replacement of erosion protection film, and replacement of damaged blades. 
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3.5.2 Supply 
 
The contractor shall propose methods to ensure economic availability of support resources concurrent 
with delivery of the equipment for test and evaluation, if required, for operational use. 
 
3.6 Precedence 
 
3.6.1 Precedence of Requirements 
 
In the event of conflict between specified requirements, the following design disciplines shall be given 
precedence in the order in which they are listed: 
 

a) Performance 
b) Safety 
c) Reliability 
d) Maintainability 
e) Producibility 
f) Interchangeability 
g) Transportability 

 
3.6.2 Precedence of Documents 
 
The last approved version of the specification shall be used.  Where conflicts arise, the following 
document priority shall apply: 
 

a) The contract 
b) This document 
c) Referenced documents 

 
4.0 QUALITY ASSURANCE PROVISIONS 
 
4.1 Manufacturing Tolerances 
 
The performance of a centrifugal lift-fan is very sensitive to certain critical dimensions and angles.  It is, 
therefore, most important that fabrication drawings call out suitable tolerances and that the manufactured 
article meets these tolerances.  Otherwise, the design point performance may not be met, with 
undesirable consequences to the craft performance. 
 
The manufacturing drawings shall reflect the following tolerances, expressed here as percentages of the 
nominal design dimension and in absolute degrees for angles. 
 
4.1.1 Impeller Diameter 
 
Impeller diameter shall be interpreted to mean the diameter of the circumscribing circle, which touches 
each blade trailing edge.  The radius of a coaxial circle, whose center is coincident with the fan shaft 
longitudinal axis when measured to each blade trailing edge, shall not depart from one-half of the nominal 
impeller diameter by more than ± 0.25% at any point along the blade trailing edge. 
 
Example: The nominal design impeller diameter as defined above is to be 1600.2 mm.  The radius from 

the shaft axis to any point on the blade trailing edge shall not exceed 802.1 mm (+0.25% * 
diameter) nor be less than 798.1 mm (−0.25% * diameter). 

 
4.1.2 Blade Width at the Trailing Edge 
 
The blades shall be replaceable in situ, therefore strict tolerances apply. 
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Blade width shall be interpreted to mean the length of the blade trailing edge, which lies on the 
circumscribing cylinder, coaxial with the fan shaft axis, whose diameter is nominally equal to the impeller 
diameter. 
 
The blade width measured at the blade trailing edge, as described above, shall not depart from the 
nominal design value by more than ± 1 mm (.0033 ft). 
 
Example: The nominal design blade width of all blades, as defined above, is to be 325.4 mm (12.808 

in).  The measured width of any blade shall not exceed 326.4 mm nor be less than 324.4 
mm. 

 
4.1.3 Impeller Width at the Leading Edge 
 
Similarly, the width of the blade at the leading edge is to be the length, which lies on a cylinder co-axial 
with the fan shaft axis, which touches the leading edge nose radius of each blade. 
 
4.1.4 Blade Angle 
 
The fan blade angle shall be defined on the impeller drawing by any of the standard methods, for 
example, as the angle between the blade section nose-tail line and a radial line through the fan axis on 
the blade trailing edge.  In any case, no actual blade angle anywhere along the blade span shall depart 
from the nominal design blade angle by more than ± 0.5o.  Also, the mean blade angle represented by the 
average of all blades, with three measurements per blade to be made at each end and at mid span, shall 
not depart from the nominal design blade angle by more than ± 0.25o of arc.  The blades are replaceable 
in situ, therefore, a positive indexing fit must be incorporated in the attachment design. 
 
4.1.5 Other Dimensions 
 
All tolerances for other dimensions shall be in accordance with good engineering practice for this type of 
rotating machinery.  Final drawings showing all tolerances shall be subject to review by the USN or its 
designated agent prior to approval for manufacture. 
 
4.1.6 Double-Width, Double-Inlet Fans (DWDI) 
 
For the purpose of tolerances and measurements, the impeller of a DWDI fan shall be treated as two 
single-width, single-inlet impellers arranged back-to-back, with a common back disc which becomes the 
center disc. 
 
4.2 Non-Destructive Tests 
 
4.2.1 Balancing 
 
Each impeller shall be balanced statically and dynamically after assembly.  Balance shall be obtained by 
the addition of material to the impeller shroud near to the outer edge and between adjacent blades.  
Static balance shall be to 100 g*cm.  For the dynamic balancing of the impeller assembly, two balancing 
correction planes shall be used.  These planes shall be the planes which contain the outer edges of the 
two-impeller shrouds.  The maximum unbalance in each correction plane shall be no greater than 50 g* 
cm. 
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4.2.2 Overspeed Impeller Test (First Article and Subsequent Impellers) 
 
A completed and balanced impeller, which meets all the tolerances specified herein, shall be subjected to 
an overspeed test in an approved overspeed test facility such as the AMCA test facility. 
 
The test shall be carried out in four stages for speeds of 100, 110, 120 and 125% of nominal design 
speed (2115 RPM).  After each test speed, the impeller shall be examined for cracks and measured to 
determine if any permanent deformation (yield) has occurred.  If any crack or measurable deformation 
has occurred, the test shall be suspended until remedial action has been taken and approved by the USN 
representative. 
 
When the fan has operated at 2115 RPM for 30 minutes without cracking or permanent deformation, as 
revealed by subsequent examination, it shall be certified as having satisfied the overspeed test 
requirements of this specification. 
 
Subsequent impellers which satisfy all the quality assurance criteria listed herein shall be subjected to 
overspeed of 2115 RPM for a period of 30 minutes, followed by examination and measurements exactly 
like those for the first article test. 
 
4.2.3 Vibration (for information only) 
 
After assembly of the fan, with the impeller mounted in its bearings attached to the volute and with the 
volute mounted in the ship structure or equivalent foundations, the vibration at the fan bearings shall not 
exceed a maximum velocity of 3 mm/s or a displacement of 0.04 mm when the fan is running at its design 
speed. 
 
5.0 PREPARATION FOR DELIVERY 
 
5.1 Inspection 
 
5.1.1 Dimensional and Weight Check 
 
Prior to assembly, all components shall be checked to ensure that they meet tolerances for material, 
finish and size as specified by the manufacturing drawings, individual part descriptions, and any other 
relevant documents.  All principal parts shall be individually weighed, including all blades.  Each blade, 
backplate, shroud, and center disc shall be marked with its serial number and weight. 
 
After selective assembly of the impeller to minimize out-of-balance prior to balancing, a comprehensive 
inspection shall be carried out to measure and record all dimensions shown on the impeller drawing, 
including each blade trailing edge width (span), each blade angle, and each blade trailing edge radius, 
i.e., distance from the shaft centerline at each end and mid span of each blade, including the fan inlet 
diameter for each shroud.  These key dimensions and other dimensions shall be entered on a chart for 
each impeller. 
 
All out-of-tolerance dimensions and angles shall be so indicated on the chart.  The chart shall be 
submitted to the USN representative with the other fan documentation prior to acceptance and delivery.  
The USN shall have the right to refuse to accept the impeller if any of the key dimensions are out-of-
tolerance and corrective action acceptable to the USN cannot be made.  The dimensional inspection of 
the impeller shall include checks for concentricity and perpendicularity between the shaft axis and the 
impeller discs and flange attachments, etc.  All run-out and wobble shall be recorded on the fan 
inspection report, including both shrouds, the shroud inlet rings where they interface with the bellmouth 
lips, the centerplate at the outer diameter, and any other location where run-out or wobble is detected. 
 
All dimensions are to be in metric units. 
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5.1.2 Material Inspection 
 
All materials used in construction shall be verified with the fan manufacturing drawings and shall be listed 
on the fan inspection report.  Any material distortion of the fan blades, shrouds and centerplates shall be 
recorded.  Such distortion may affect the performance or structural integrity of the fan and may be cause 
for rejection. 
 
Hardness checks shall be performed on the metallic components of the impeller, including bolts, to 
ensure that the material has been properly heat-treated and/or is in its appropriate work-hardened or 
annealed condition.  All components supplied by subcontractor (e.g., titanium bolts) shall be 
accompanied with material certification documentation. 
 
All FRP materials shall be constantly monitored during fabrication for conformance to material 
specifications. 
 
5.1.3 Finish 
 
The impeller and fan shall be inspected to ensure that the proper finishes and corrosion protection 
processes, if any, have been applied. 
 
5.1.4 Blade Leading Edge Erosion Protection Inspection 
 
The blade leading edge protection material shall be inspected for complete adhesion and freedom from 
bubbles and defects such as cracks, pits or non-uniformity.   
 
5.2 Deliverable Documents 
 
5.2.1 Drawings 
 
For the first article and each subsequent fan delivered, two sets of as-built fan manufacturing drawings 
shall be supplied.  The drawings shall specify the serial numbers of the fans to which they apply. 
 
5.2.2 Fan Inspection Reports 
 
For each impeller delivered, a completed inspection report shall be supplied clearly and boldly marked 
with the impeller serial number.  It shall contain details of each of the 26 blades, including serial number, 
weight and measured dimensions, plus comments; likewise for each shroud, backplate, and the center 
disc. 
 
The fan inspection report shall include, but not be limited to, the results of the dimensional check, the 
material inspection, the overspeed test report, and the table of key dimensions, together with any other 
relevant information. 
 
5.3 Markings 
 
Each impeller shall bear a non-metallic nameplate recording the manufacturer’s name, fan serial number, 
and date of manufacture. 
 
The direction of rotation shall be clearly indicated by an arrow stamped on both sides of the impeller, 
clearly visible through the fan inlet bellmouths. 
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5.4 Packing 
 
Each impeller shall be delivered mounted on a timber skid or frame, in a strong container, with adequate 
shock protection to prevent damage if the fan is jarred during transit.  The packing shall be such that the 
impeller is undamaged if the container is dropped 0.6 m in any attitude. 
 
5.5 Warranty 
 
Each fan shall be guaranteed for one year against defects of material and workmanship.  However, 
defects of design discovered subsequently in later impellers requiring re-work or replacement of entire 
impellers shall invoke similar corrective action on all previously delivered impellers. 
 
6.0 NOTES 
 

1) It is the responsibility of the shipbuilder to ensure that this specification is in compliance with 
such additional requirements, restrictions and regulations as may be applicable for military or 
naval use in the United States. 
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